General information
Unless mentioned otherwise, all chemicals were purchased from Sigma-Aldrich in the highest purity available and were used without further purification. Propranolol and 5-Hydroxypropranolol were purchased from Santa Cruz Biotechnology. Columns and column material for enzyme purification were purchased from GE Healthcare.
Enzymes
Peroxygenase from Agrocybe aegerita (rAaeUPO): Two mutants of rAaeUPO were used in this study:
PaDaI (an expression-engineered version of the wild-type enzyme) and SoLo (engineered for the hydroxylation of aromatic substrates). Both mutants were expressed in Pichia pastoris as described previously. [1] V-dependent haloperoxidase from Curvularia inaequalis (CiVCPO): CiVCPO was expressed in E. coli as described previously. [2] Cytochrome C (CytC) from Bovine heart and Lipase B from Candida antarctica (CaLipB) were purchased from Sigma-Aldrich.
Formate oxidase from Aspergillus oryzae RIB40 (AoFOx): AoFOx was produced by heterologous expression in E. coli, pET21c(+) following a slightly modified protocol. [3] AoFOx was expressed in E. coli BL21 (DE3) using TB-media supplemented with ampicillin (100 μg/mL). The main-culture was inoculated to an OD600 of approx. 0.05 using the required volume of pre-culture and grown at 37°C and 180 rpm. When an OD600 of 0.6 was reached, IPTG (0.1 mM) was added. After induction, cultures were incubated for an additional 6 h (20°C, 180 rpm) and afterwards harvested by centrifugation. The obtained cell pellets were washed and suspended in potassium phosphate buffer (50 mM, pH 7.5 with 0.1 mM PMSF). Crude cell extract was obtained by cell disruption using a multi shot cell disruption system. The cleared supernatant was applied onto a HisTrap FF column for further purification of AoFOx using a NGC system (Biorad). An equilibration of the column was performed with potassium phosphate buffer A (50 mM, pH 7.5 with 0.5 M NaCl). A three-step gradient with 5%, 27% and 36% potassium phosphate buffer B (50 mM, pH 8.3 with 0.5 M NaCl and 0.5 M imidazole) was applied for protein elution.
Fractions containing AoFOx were pooled and concentrated using Amicon filters (30 kDa cut-off) and desalted using a HiTrap desalting column and potassium phosphate buffer (25 mM, pH 7.5) with a NGC system (Biorad). A protein concentration of 17.3 ± 0.8 mg/mL was determined by BCA-assay. 67.6%
AoFOx purity was determined by SDS-PAGE ( Figure S1 ). The absorption spectra showed the characteristic maxima at approx. 360 nm and 472 nm ( Figure S1 ). The AoFOx activity was determined via ABTS-assay using horseradish peroxidase. The ABTS-assay was performed in acetate buffer (50 mM, pH 4.5) containing a diluted sample of purified AoFOx, ABTS (1 mM), horseradish peroxidase (10 U) and sodium formate (100 mM). The absorbance change was followed at 420 nm. Enzyme activity was calculated based on the millimolar extinction coefficient of ABTS at 420 nm (36.0 mM -1 cm -1 ). The AoFOx activity of the preparation was found to be 1642 ± 26 U/mL, which corresponds to a specific activity of 94.7 U/mg. Figure S1 . SDS-PAGE (left) and absorption spectra (right) of purified AoFOx. SDS-PAGE was performed in XT MOPS buffer using a Criterion XT 4-12% Bis-Tris precast gel (Biorad). 5 ug total protein after purification (AoFOx) and 5 ul Precision Plus Protein All Blue Standard (M) was loaded after sample pre-treatment. The absorption spectra was recorded of purified AoFOx in potassium phosphate buffer (25 mM, pH 7.5).
Work up and analytical procedures
GC measurements were performed on Shimadzu GC-14A/FID or Shimadzu GC-2010 plus/FID equipped with different columns (Table S1 ). At intervals the reactions were stopped by addition of ethyl acetate containing dodecane (5 mM), 1-octanol (5 mM) or acetophenone (5 mM) as internal standard.
After extraction and centrifugation, the organic phase was dried with magnesium sulfate and analysed via gas chromatography (Table S1 ). All concentrations reported, are based on calibration curves obtained from authentic standards.
HPLC measurements were performed on a Shimadzu LC-20 system with a Shimadzu SPD-M20A Photo Diode Array detector using acetonitrile (ACN) and 'water' (containing 5% ACN 0.1% trifluoroacetic acid (TFA)) as mobile phase. The reaction was quantified at 280 nm based on a calibration obtained from authentic standards. NMR spectra were recorded on an Agilent 400 (400 MHz) spectrometer in CDCl3. Chemical shifts are given in ppm with respect to tetramethylsilane. Coupling constants are reported as J-values in Hz. 
Reaction conditions and additional experimental results
The reaction optimisation for rAaeUPO-catalysed oxidation of ethylbenzene to obtain (R)-1-phenylethanol was performed in acetate buffer (0.2 mL, 100 mM, pH 4.5-5.5) or potassium phosphate buffer (0.2 mL, 100 mM, pH 6.0-7.0) at 20°C to 40°C. Reaction mixtures contained ethylbenzene (100 mM), rAaeUPO (200 nM), AoFOx (20 nM) and sodium formate (100 mM). The effect of different sodium formate concentrations (50 mM, 200 mM, 400 mM or 800 mM) was tested in potassium phosphate buffer (0.2 mL, 100 mM, pH 6.0, 25°C) using rAaeUPO (100 nM), AoFOx (2.5 nM) and ethylbenzene (100 mM). Additionally, reactions applying different enzyme ratios were performed in potassium phosphate buffer (0.2 mL, 100 mM, pH 6.0, 25°C) containing rAaeUPO (100 nM), AoFOx (2.5 nM-100 nM) ethylbenzene (100 mM) and sodium formate (200 mM).
Influence of the reaction pH value Figure S4 . The effect of different sodium formate concentrations on the AoFOx-driven oxidation of ethylbenzene catalysed by rAaeUPO. 50 mM, 200 mM, 400 mM or 800 mM was tested in potassium phosphate buffer (0.2 mL, 100 mM, pH 6.0, 25°C) using rAaeUPO (100 nM), AoFOx (2.5 nM), ethylbenzene (100 mM).
Influence of the catalyst ratio oxygen transfer limitations in presence of a high AoFOx concentration was tested using a Clark electrode. [4] Reactions were performed using AoFOx (10 or 100 nM), rAaeUPO (100 nM), sodium formate (200 mM) and ethylbenzene (100 mM) in potassium phosphate buffer (2 mL, 100 mM, pH 6, 25°C) while magnetic stirring. The Clark electrode was calibrated via a two-point calibration assuming an oxygen solubility of 258 µM at 25°C for saturated conditions. To determine the potential of 0 µM of oxygen, sodium dithionite was added to the solution.
Reactions under increased oxygen pressure
The effect of increased oxygen pressure on the AoFOx-driven oxidation of ethylbenzene by rAaeUPO was tested under high pressure reactions. Experiments were performed in a high pressure ChemSCAN parallel reactor system (HEL, 15 mL). The reaction mixture contained rAaeUPO (1 µM), AoFOx (100 nM), sodium formate (200 mM) and ethylbenzene (100 mM) in potassium phosphate buffer (5 mL, 100 mM, pH 6, 25°C, stirred at 500 rpm). For each time point two separate experiments were performed at 1.0, 2.0 or 10.6 bar leading to a partial oxygen pressure of 0.2, 1.2 or 9.8 bar, respectively. After extraction with ethyl acetate, the product formation and ee was determined by achiral and chiral GC (Table S1 ). 46, 128.21, 126.75, 125.49, 68.36, 26 .12. 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230 f1 ( Epoxidation reactions to obtain (1R,2S)-cis-β-methylstyrene oxide were performed over 5 h using AoFOx (50 nM), rAaeUPO (200 nM), sodium formate (50 mM) and cis-β-methyl styrene (10 mM) in potassium phosphate buffer (0.4 mL, 100 mM, pH 6, 30°C). Aromatic hydroxylation reaction using AoFOx and rAaeUPO
Aromatic hydroxylation was studied for propranolol using AoFOx (10 nM), SoLo (50 nM), sodium formate (75 mM), propranolol (10 mM) ascorbic acid (40 mM) in potassium phosphate buffer (3 mL, 100 mM, pH 6.0, 30°C). The reaction was stopped after 3 h to avoid loss of product by polymerisation reactions. Preparative-scale bromolactonization reactions were performed using a pH STAT titration system (Metrohm). Reaction was performed in potassium phosphate buffer (100 mL, 100 mM, pH 6.0, 25°C) containing 4-pentenoic acid (200 mM), CiVCPO (100 nM), AoFOx (100 nM), potassium bromide (160 mM) and sodium formate (200 mM). After addition of pentenoic acid, the pH was set to pH 6 by the addition of KOH (100 mM Figure S14 ). The reaction was stopped after 184.5 h and the product was isolated. The reaction mixture was adjusted to pH 7.5 by addition of KOH, the reaction was extracted using dichloromethane (100 mL, 3x), dried on anhydrous sodium sulphate (Na2SO4), filtered and the extraction solvent was removed under reduced pressure to obtain 1.6 g (45% isolated yield) of 5-(bromomethyl)dihydrofuran-2(3H)-one with ~95% purity as determined by 1 H NMR. In addition, the remaining aqueous layer was acidified by addition of HCl to pH 1.0, extracted with dichloromethane (100 mL, 3x), dried on anhydrous sodium sulphate (Na2SO4), filtered and the extraction solvent was evaporated under reduced pressure. The additionally isolated 1.5 g substrate and product mixture showed 73% product yield determined by 1 H NMR. All in all, the overall yield of 5-(bromomethyl)dihydrofuran-2(3H)-one was 70 %. AoFOx [b] AoFOx [b] AoFOx [a] AoFOx [a] AoFOx [a] formate 0 Halohydroxylation of styrene to 2-bromo-1-phenylethanol was performed using CiVCPO (100 nM), AoFOx (10 nM), styrene (20 mM), sodium formate (200 mM) in citrate buffer (0.3 mL, 100 mM, pH 6.0, 30 C). The reaction mixtures were extracted with dichloromethane, dried over anhydrous Na2SO4. The organic solvent was remove under reduced pressure. 1 H NMR measurement was recorded to determine the conversion to the bromohydrin product. 
